One of the main difficulties in the research of lectins is the absence of an adequate technique for their specific and routine detection. Here, we present a photoreactive carbohydrate-probe which could help to overcome this problem. The probe was comopsed by joining four segments:
Introduction
Lectins are physiological receptors for glycoconjugates, Λ1 . (5, 6) . Thus, the diversity exist-j^JP ^' as on S mall y beheved ' but are ^iquitous ing in carbohydrate structures presumably arises from a \ * )· multiplicity of synthetic enzymes, suggesting that infor-The major obstacle in the research of lectins is the abmation can be, and probably is encoded in carbohy-sence of an adequate technique for specific detection of drates.
carbohydrate-binding activity. Generally, it is first nec-essary to purify lectin by some kind of affinity chromatography, and only then it is possible to detect it with classical protein-staining methods (12, 13) . Definitive proof that the protein eluted from the carbohydrate-affinity column is indeed a lectin is very hard.to obtain. All currently existing methods measure only total sugarbinding activity in the sample, and cannot attribute this activity to a specific polypeptide, nor can they distinguish between two lectins of a similar specificity. In the case of proteins which are able to refold on a membrane after SDS PAGE and blotting, neoglycoproteins could serve this purpose (14) , but this is not very often. Usually lectins lose their activity during SDS PAGE. The final proof that the protein of interest is indeed a lectin is possible only after cloning, i. e. when the presence of carbohydrate recognition domain is demonstrated (15) . 
Materials and Methods

Thin-layer chromatography
Purity of the α-D-glucose probe was analyzed by thin-layer chromatography (HPTLC Precoated plates, 0.2 mm thick kieselgel, 10 X 10 cm, Merck, Darmstadt) using chloroform: methanoi: 40 mmol/1 KC1 = 50 + 42 + 11 (by vol.) solvent system. The sample was applied, and the plate developed in a dark room under red light. After development the plate was cut into two halves. One half was stained for glucose-containing compounds, and the other for amino groups. For detection of glucose containing compounds plates were sprayed with resorcinol/HCl reagent (2 g/1 resorcinol; 0.25 mmol/1 CuS0 4 in 10 mol/1 HC1). For detection of NH 2 -containing compounds plates were sprayed with 2.5 g/1 ninhydrin in 96% ethanol. Immediately after spraying, plates were layered onto an another glass plate (pre-heated to 100 °C), fastened with a pair of clips and maintained at 100 °C until the colour developed.
Cross-linking assay
Eight μΐ of protein sample were supplemented with 0.7 mmol/1 CaCl 2 and 0.5 mmol/1 MgCl 2 . The NaCl concentration was adjusted to 250 mmol/1. Two μΐ of 0.5 μηαοΙ/1 α-D-glucose probe were added to samples (final volume = 10 μΐ) and incubated 30 minutes in the dark at room temperature. Samples were cross-linked by illumination for 30 s in 'Strategene cross-linker 1800'.
Results and Discussion
The photoreactive carbohydrate probe
To overcome the obstacles to the specific and routine detection of lectins we have designed a photoreactivecarbohydrate probe. The probe consists of four segments:
(i) the carbohydrate moiety, (ii) the digoxigenin tag, (iii) the photoreactive cross-linker and (iv) the lysyl-lysine backbone.
The structure of the a-D-glucose probe is shown in figure 1. In this study only the synthesis and use of the <x-Z)-glucose probe will be described, but we have successfully applied analogous procedures for synthesis of galactose and mannose probes.
Lysyl-lysine was selected as backbone for the probe because it contains three spatially distant amino groups prone to chemical modifications. a-Z)-Glucopyranosidephenylisothiocyanate was used to introduce a carbohydrate group into the lysyl-lysine backbone. This reagent is commercially available, and it was demonstrated that DIG-N (3) . Digoxigenin, a commonly used molecular tag, was selected for a specific label because of its absence in mammalian tissues and commercial availability. Biotin was not used due to its presence in many tissues, especially liver. 4-Azidobenzoic acid, a photoreactive cross-linker, was used to create a covalent linkage between the probe and the lectin. The 4-azidobenzoic acid is completely inert when incubated in the dark. However, when illuminated with UV light, the azide group is converted to a nitrene group which rapidly reacts with a variety of chemical bonds including N-H, O-H, C-H and C=C (16) (17) (18) .
Synthesis of the glucose probe
Glc-Lys-Lys
As the first synthesis step the a-£)-glucose (Glc) tag was introduced into the lysyl-lysine backbone by reacting α-D-glucopyranoside-phenylisothiocyanate with one of the amino groups of lysyl-lysine. One mg of a-£>-glucopyranoside-phenylisothiocyanate was dissolved in 15 μΐ dimethylsulphoxide and slowly transferred to 1 ml lysyl-lysine solution under constant shaking. To prevent introduction of more than one glucose molecule into the probe, the molar ratio of a-Z)-glucopyranoside-phenylisothiocyanate to lysyl-lysine was adjusted to 1:5. Reaction was performed for 4 h at room temperature in 0.1 mol/1 borate buffer (pH 8.8).
The reaction product (Glc-Lys-Lys) was separated from non-reacted a-D-glucopyranoside-phenylisothiocyanate and lysyl-lysine molecules by gel filtration through a Bio-Gel P2 column (1 X 150 cm), equilibrated in 0.1 mol/1 borate buffer (pH 7.4). Eluted fractions were analyzed for the presence of glucose with the resorcinol sulphuric acid micromethod (19) , and for the presence of NH 2 groups with ninhydrin. Approximately 98% of glucose was found to be incorporated into the Glc-Lys-Lys complex and was eluted in the first peak (Ve/V 0 = 1.44). Non-reacted lysyllysine and a-Z>-glucopyranoside-phenylisothiocyanate co-eluted in the retarded fraction (Ve/V 0 = 1.78).
Glc-Lys-Lys-Dig
The second step was the introduction of the digoxigenin label into the probe. Digoxigenin-3-O-methylcarbonyl-ε-aininocaproic acid-N-hydroxysuccinimide ester (0.3 mg) was dissolved in 15 μΐ dimethylsulphoxide and added to the Glc-Lys-Lys solution. The labelling reaction was performed for 4 h at room temperature. The pH of 7.4 was used to assure that only one digoxigenin tag would be introduced. At this pH the ε-amino groups of lysyl-lysine are virtually completely protonated and only the α-amino group can react with the hydroxysuccinimide ester. Because approximately 50% of the a-amino groups in Glc-Lys-Lys complex were already occupied with the glucose label introduced in the previous step, the molar ratio of digoxigenin-3-O-methylcarbonyl-8-aminocaproic acid-N-hydroxysuccinimide ester to GlcLys-Lys complex was set to 1 : 3.
The reaction product (Glc-Lys-Lys-digoxigenin complex) was separated from non-reacted molecules by a second gel filtration procedure applying the same column as above, but equilibrated and eluted with 0.1 mol/1 borate buffer pH = 8.8. Based on absorbance measurements more than 90% of the added digoxigenin-3-Omethylcarbonyl-e-aminocaproic acid-N-hydroxysuccinimide ester was incorporated into Glc-Lys-Lys-digoxigenin complex and eluted as a first peak.
The identity of Glc-Lys-Lys-digoxigenin was confirmed using ELISA with concanavalin A-precoated plates as described in "Materials and Methods". As expected, the first peak gave positive result in the assay confirming the presence of molecular species which contain both glucose and digoxigenin. The second peak, containing Glc-Lys-Lys, gave negative result in the same assay.
The purity of the Glc-Lys-Lys-digoxigenin was analyzed by thin layer chromatography as described in "Materials and Methods". After chromatography the plate was cut in two halves and stained for sugars (with resorcinol) and for amino groups (with ninhydrin). Both stainings revealed the single band with ijvf = 0.4 which confirmed the assumed homogeneity of the probe ( fig. 2) . 
Glc-Lys-Lys-digoxigenin
The final synthesis step was the introduction of the photoreactive cross-linker into the probe. 4-Azidobenzoic acid-N-hydroxysuccinimide ester, (0.3 mg) dissolved in 15μ1 dimethylsulphoxide, was added to the GlcLys-Lys-digoxigenin complex (molar ratio 2:1), and incubated at room temperature in the dark for 4h. Non-reacted hydroxysuccinimide was inactivated by addition of a surplus of 1 mol/1 ethanolamine/HCl, pH = 8.0. After inactivation, the free 4-azidobenzoic acid-N-hydroxysuccinimide ester became monovalent (i.e. it contained only one group able to form covalent bonds with proteins) and lost the ability to cross-link. It remained together with the glucose probe, but did not pose any problems in the subsequent application of the probe. (i) The probe is first incubated in the dark with lectincontaining samples.
(ii) After formation of the lectin-probe complexes, the samples are illuminated under an UV lamp to activate azidobenzoic acid, which then (iii) covalently cross-links the probe to the lectin.
The product of the labelling reaction, a lectin with the covalently incorporated digoxigenin label, can be subse- quently detected by anti-digoxigenin antibodies. Due to the small relative molecular mass of the probe (M r < 1500), labelled lectins can be easily identified by the Western blotting technique, following the electrophoretic separation of proteins. Figure 4 demonstrates the specificity of the a-£>-glucose probe. The mannose/glucose specific lectin Concanavalin A was detected by the α-D-glucose probe in the presence of excess bovine serum albumin. Optimal concentrations of probe have to be chosen to obtain specific and sensitive signals ( fig. 4) . If the probe is used at exceedingly high concentrations (> 5 μιηοΐ/ΐ) unspecific labelling of protein occurs; as an example, bovine serum albumin and Concanavalin A are almost equally stained by the α-D-glucose probe when the probe is used at a final concentration of 5 μηιοΐ/ΐ ( fig. 4) . At optimal concentration (line c) the probe specifically detects the lectin regardless of the presence of excess bovine serum albumin.
Conclusion
In this study we have introduced a new method for the detection of lectins using a photoreactive carbohydrate probe. The probe contains three vital parts:
(i) a carbohydrate moiety, (ii) the digoxigenin tag, and (iii) the photoreactive cross-linker.
After incubation with lectins in the dark, the probe can be activated and cross-linked to lectins by illumination, resulting in a lectin with the covalently incorporated digoxigenin tag. Such a labelled lectin can be easily identified by anti-digoxigenin antibodies using the Western blot technique. This probe is the first method which enables direct detection and identification of lectins on a Western blot and it should be of a great help to all researchers studying changes in lectins under various conditions (e.g., development, ageing, stress, cancer etc.).
